
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADA801483

UNCLASSIFIED

RESTRICTED

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; 21 NOV 1942.
Other requests shall be referred to Office of
Scientific Research and Development,
Washington, DC 20301. Document partially
illegible.

OTS index dtd Jun 1947; OTS index dtd Jun 1947



Reproduced    by 

AIR DOCUMENTS DIVISION 

L     I 

HEADQUARTERS AIR MATERIEL COMMAND 

WRIGHT FIELD. DAYTON, OHIO 



I        J      L 

5^ 
US. GOVERNMENT 

IS ABSOLVED 

FROM ANY LITIGATION WHICH MAY 

ENSUE FROM THE CONTRACTORS IN 

FRINGING ON THE FOREIGN PATENT 

RIGHTS WHICH MAY BE INVOLVED. 

J 
h-^mm^-,^^ «P.. ■ «mr* 



x^* 



V A 

DESIGN OF AN AUTOMATIC OCTAVE SOUND ANALYZER 

AND RECORDER 

Research Froject under Contract 
with the 

Office of Scientific Research and Development 
Contract No. OEMsr-658 

Section C-9, National Defense Research Committee 

Report of 
November 21, 1942 

Submitted by 

H. Wayne Rudmose 
Harold L. Eric3on 
Hans P. Diene1 

from the 
Cruft Laboratory 
Harvard University 

C ambri d^e, Mas s a chus e 111 

• 



w^ 

INDEX 

Mailing List II-IV 

Introduction 1 

Operation 6 

Band-Pass Filter 13 

Sound Level Meter 23 

Modified RA-246 Graphic Level 
Recorder 32 

Hand-Held Remote Control Unit 41 

Power Supply Units 44 

Cases 47 

Calibration of Equipment 53 

Appendix 60 



Initial Mailing List 
IT 

DESIGN OF AN AUTOMATIC OCTAVE 30UND 

ANALYZER AND RECORDER 

November 21, 1942 

Liaison Office, CS.H.D. . '     3 
Liaison Officer, |iyar Department 19 
Liaison Officer, Navy Department 21 
Director, Naval Research Laboratory 

Anaco3tia 
N.D.It.C, Washington, D.C. (General File) 
Army Air Forces Materiel Center' 

Attention:  Colonel' F. R. Dent 
Bureau of Aeronautics, Navy Department 

Materiels Division 
Attention:  Lt. E. D. Gerhardt 

Commander J. E. Sullivan 
Naval Aircraft Factory, Philadlephia 

Attention:  Lt. R. M« 3ooth 
Lt. Coriander R. 3. Milne 
Commander A. B. Scoles    _ 34 - 

3ureau of Aeronautics, Navy Department 
Radio and Electrical Section 
Attention:  Lt. R. G. Gove 

Lt. Commander David Little 
Colonel B. W. Chidlaw, Army Air Forces 
Aircraft Radio Laboratory, Wright Field - 

Attention:  Col. J. H. Gardner, Jr. 
Mr. J. E. Wilson 

Signal Corps General Development Laboratory 
Fort Honmouth, New Jersey 
Attention:  Mr. R. A. Farella 

Mr. H. C. Hornickel 
Colonel A. W. Marriner, Directorate of 

Communications 
Lt. Commander A, W. Colledge, Bureau of Ships ' '" 
Lt. Colonel 0. 0. Benson, Aero-IIedical- 

Research Unit, Wright Field  '     r 
:' ■ 

Captain David C. A-pps, Aberdeen Proving Ground 
Lt. J. S. Parkinson, Navy Department : 

Colonel J. K. DeArmond, Air Corps 
Commander C. W. Shilling, U.S. Submarine Base 
Mr. H. N. El:lund, U., 3. Navy Yard, New York 
Mr. F. S. Barton, British Air Commission     54- 
Dr. A. F. Rawdon-Sniith, British Ministry of 

Supply Mission 
Dr. IV. G. Radley, Chairman, Advisory Committee 

for Army Telephone Instruments 

18 
20 
24 

25 
26 

27 - 29 

30 
31 

32 
33 
38 

39 
40 
41 

42 - 43 

44 
45 

46 
47 

48 
49 
•50 
51 
52 
53 
56 

57 

5© 



Miss Helen Brown, Royal Aircraft Establishment 
Boeing Aircraft Company 

Attention:  Hr. W. E. Beall 
Brewstor Aeronautical Company 

Attention:  Mr. F. W. Wilson 
Edward G. Budd Manufacturing Company 

Attention:  Hr. A. C. Falk 
Cessna Aircraft Company 

Attention:  Mr. Tom Salter 
Consolidated Aircraft CoriDany 

Attention:  Hr. T. P. Hall 
Curtiss-V/right Corporation 

Robertson, Missouri  Hr. 
Buffalo, New York    Mr. 
Fort Worth« Texas    Mr. 

Douglas Aircraft Company, Inc. 
Santa Monica, California 

G. A. Fac;e 
Fredric Flader 
Henry K. Growald 

Mr. A. E. Raymond 
Mr. E. P. Wheaton 

El Segundo, California   Mr. Paul Dennis 
Fairchild Aircraft Division 

Attention:  Mr. II« J. Frank 
Ford Motor Company Willow Run Bomber Flant 

Attention:  Mr. A. B. Richards 
Grumman Aircraft Engineering Corporation 

Attention:  Chief Engineer 
Hughes Aircraft Company ' ' ... 

Attention:  Mr. Stanley A. Bell 
Lockheed Aircraft Corp oration 

Attention:  Mr. Hall Hibbard 
Glenn L. Martin Company 

Attention:  Mr. Clifford E. Roberts 
North American Aviation Inc. 

Attention:  Mr. L. P.' Spalding 
Northrup Aircraft, Inc. 

Attention:  Mr. Mitchell Raskins        L 
Vega Airplane Corporation 

Attention:  Mr. J. B. Wassail 
Vought-Sikorsky Aircraft 

Attention:  Mr. S. Gluhareff 
Vultee Aircraft Company * «• 

Attention:  Mr. A. Fontaine 
Dr. P. M. Morse, Chairman, Section C-9 
Dr. F. B. Jewett, Chairman, Division C 
Dr. R. W. King, Technical Aide, Division C 
Dr. W. H. Crew, Technical Aide, Division C 
Dr. J. C. Boyc.e, Massachusetts Institute 

of Technology 
Dr. Harvey Fletcher, Dell Telephone Laboratories 
Dr. J. C. Steinberg, Bell Telephone Laboratories 
Dr. S. S. Stevens, Psycho-Acoustic Laboratory 

Harvard University 
Dr. John T. Täte .. 

Ill 

59 

60 

61 

62 

63 

64 

65 
66 
67 

68 
69 
70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 
82 
83 
84 
85 

Qß   ■ 
87 
88 
89 

90 



Dr. V. 0. Knudsen, University of California 
Dr. Hallowell Davis, Harvard Medical School 
Dr. F. V. Hunt, Underwater Sound Laboratory, 

Harvard University 
Mr. T. E. Shea, Underwater Sound Laboratory, 

New London, Connecticut 
Mr. G. W. Lewis, National Advisory Committee 

for Aeronautics 

Dr. Paul Geiger, University of Michigan 
Mr, Herbert Erf, Technical Aide, Section C-9 
Dr. R. B. Jacobs, National Research Council 
Dr. E. L. Chaffee, Cruft Laboratory, 

Harvard University 
Mr. R. G. M»Curdy, Bell Telephone Laboratories 

Research on Sound Control Members 

Dr. L. L. Beranek 
Dr. E. B« I-'oots 
Dr. R. H. Nichols, Jr\ 
Mr. H. ■v. RudiTiose 
Mr. R. L. Wallace, Jr. 
Dr. P. M. Wiener 
Mr. H. F. Dienel 
Mr. H. L. Eri c :J on 
Mr. R. 3. Newman 
Mr. p; 3. Veneklasen 

17 

91 
92 

94 

95 

96 
97 
O'l 

99 
100 

1 
101 
102 
103 
104 
105 
106 
107 
108 
109 



DESIGN OF AN AUTOMATIC OCTAVE SOUND 

ANALYZER AND RECORDER 

I« Introduction 

This report describes an automatic apparatus 
which is suitable for analyzing and measuring sound 
in combat vehicles.  Although it was designed with 
a specific purpose in mind, its several novel 
features will make it useful for many types of acous- 
tical measurements. 

Since December 1, 1940 a project entitled 
"Research on Sound Control" has been in progress at 
Harvard'University, under the auspices of the National 
Defense Research Committee.* One of the major prob« 
lems of this project has been to measure sound levels 
in United States military airplanes,-and to devise 
from these measurements suitable techniques for estim- 
ating sound»levels from blue print and assumed flight 
data. 

At the beginning of the project it was believed 
that the proper apparatus for measuring sound should 
include means for analyzing the total noise into its 
various frequency components.  To do this an Electri- 
cal Research Products, Inc. RA-277 G sound frequency 
analyzer was purchased.  This instrument, when used 
with a suitable graphic level recorder, permitted 
analysis of noise over a frequency range from 40 to 
10,000 cycles per second by means of a 5 cycle wide 
or 200 cycle wide band pass filter.  From these early 
tests it was learned that airplane noise is of three 
essential types: 

(a) that produced by tne propeller, 
(b) that produced by the engine exhaust, and 
(c) that produced by air leaks and aerodynamic 

flow. 

The first type of noise, namely, tiat produced by 
the propeller, consists of a fundamental component of 
50 to 100 cycles per second and various harmonic com- 
ponents.  Usually the fundamental and second harmonic 

* Until recently this project was under the jurisdiction 
of the National Research Council Committee on Sound Con- 
trol. This Committee has been dissolved and the work is 
now under the jurisdiction of Section C-9 of the N.D.R.C 
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are approximately equal in intensity when measured 
inside the airplane.  The exhaust noise usually has 
its fundamental below 200 cycles per second and is 
usually le33 intense than the propeller noise. 

After obtaining a number of curves of sound 
level vs. frequency in five cycle band widths, it 
was found that two successive sets of data did not 
yield exactly the same curves, especially in the 
frequency region below 200 cycles per second.  This 
was due to "beats" occurring between the tones pro- 
duced by the two propellers of the airplane.  These 
beats caused variations in in ensity of as much as 
15 decibels.  In the higher frequency region, above 
200 c.p,s., the noise was found to result almost 
entirely from aerodynamic sources and contained all 
frequencies.  In this frequency range it was con- 
cluded that 5 cycle band analyses yielded no inform- 
ation that could not be obtained by a wider, say 
octave, band pass filter.  Also, because of the great 
detail in the 5 cycle band curves, it was found 
impractical to set up a computational method for 
estimating sound levels which would yield such a 
curve in its entirety. 

On the basis of the above experience it was de- 
cided to measure sound levels in octave bands, and a 
suitable octave band pass filter set was purchased, 
an E.R.P.I. RA-243.  Comparison between data taken 
with it, and data taken with the 5 cycle and 200 cycle 
wide band filters is shown in Fig. 1.  In these data 
it is seen that a total of 14 bands plus an overall 
band were used.  The number of bands was reduced 
later one-half by choosing the following bands for 
tests: 

Below  75 c,p,s. 
75 - 150 it 

150 - 300 it 

300 - 600 it 

500 - 1200 it 

1200 - 2400 ii 

2400 - 4800 ti 

Above  4800 II 

Much of our data was taken using this apparatus in 
conjunction with an E.R.P.I. RA-277G sound frequency 
analyzer and an E.R.P.I. RA-246 graphic level 
recorder. 
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These three units were admirably suited for the 
purposes for which they were intended, but they 
possessed three characteristics which it v/as felt 
were undesirable: 

(a) they could not be operated remotely, 
(b) they could not be operated on low voltage 

direct current, and 
(c) they were undesirably heavy and bulky. 

With these factors as a starting point, new 
apparatus was then designed using as part of it the 
E.R.P.I, band pass filter set and graphic level 
recorder.  It accomplished the job of determining, 
either manually or automatically, sound levels in 
airplanes by octave bands.  The apparatus is reliable, 
simple to install, and is as compact as possible.  In 
addition, it is flexible in operation in that it can 
be operated either by the pilot or by an observer 
stationed in the airplane, and its power supply is 
completely independent of the plane's supply. 

The complete system is composed of the following 
units which are described in succeeding sections of 
this report; 

(a) a dynamic microphone, the W.E. 630-A or 
633-A, 

(b) an octave band-pass filter set, the 
E.R.P.I. RA-243, 

(c) a sound level meter, Cruft design, 
(d) an automatic graphic level recorder, 

E.R.P.I. RA-246, modified at Cruft 
Laboratory, 

(e) a battery power supply, and 
(f) a hand-held remote control unit, Cruft 

design. 

In its final form it is possible to install the 
equipment in a rear compartment of an airplane, and 
to place in the hands of the pilot the simple hand- 
held control unit.  After the pilot has reached his 
altitude and has set up the flight conditions desired, 
he then needs only to press the button on the remote 
control unit.  This button sets into operation the 
automatic apparatus which measures the sound level in 
each of the frequency bands, and records the information 
on a wax paper roll.  After finishing one complete 
frequency analysis, namely, the eight bands and an 



overall position, the apparatus shuts off.  The pilot 
can then set up new flight conditions, change the 
position of the microphone, and repeat the cycle of 
measurements. 



II. Operation 

VA 

The units which comprise the complete apparatus 
for analyzing and recording sound levels in airplanes 
are designed for any one of three methods of opera- 
tion, depending on space requirements, and whether 
data are to be recorded automatically or taken manually, 
These methods are shown schematically in Pig« 2. 

The "normal11 method of operation is the most 
efficient electrically and permits automatic recording 
of data.  It consists of a mimimum number of units to 
be handled as shown in Pig. 3.  In this figure, the 
graphic level recorder and its power supply are coupled 
together into one unit at the right, while the filter 
set and the sound level meter with its power supply 
are connected into one unit at the left.  The dynamic 
microphone is at the left on top of the sound-level 
meter, and the hand-held remote control unit is in 
the foreground.  By this method of operation it is 
possible to obtain five hours of continuous analysis 
and recording, without recharging the 6 volt storage 
battery. 

The space occupied by the sound level meter and 
filter as one unit is approximately 19" x 18" x 11" 
high, with a total weight of approximately 124 pounds. 
Of this, 62 pounds are for the filter sat, and 62 
pounds for the sound level meter including 15 pounds 
of batteries -- one "A" battery and two "B" batteries. 

The space required by the recorder and the power 
supply coupled together as one unit is approximately 
19" x 10" x 12" high.  The power supply with two "A" 
batteries and a spacer weighs about 55 pounds, plus 
50 pounds for the recorder, giving a total weight for 
this unit of approximately 105 pounds.  The total 
weight of the complete system for "normal" operation 
with cables, microphone, and remote control unit is 
approximately 240 pounds. 

The microphone on the sound level ».eter and the 
remote control unit in the foreground (Pig. 3), are 
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the two units required by the operator for complete 
control for automatic recording of sound levels 
through eight octave bands and an overall position. 
Once the recorder lias been calibrated and adjusted, 
using the oscillator in the sound level meter, and 
the microphone position has been determined, the only- 
operations to start a cycle of measurements are to 
turn the recorder motor switch, which is on the lear 
of the hand-he Id remote control unit, to 0TT, and to 
depress the push button switch until the light 
blinks once.  Thereupon, the units will continue 
through one cycle of oct'ive bands, an overall posi- 
tion, and stop automatically.  The microphone can 
then be changed to a different position, and the next 
cycle of operation oegun by depressing the push button 
switch until the light blinks again. 

'.Then space requirements prohibit the use of units 
as large as in Fig. 3, and recording of dat^ is also 
required, they may be arranged as shown in Pig« 4 
(remote control method "A") with the sound level 
meter out of its case, and the graphic level recorder 
and battery supply separated.  Due to the losses in 
the connecting cables, the total time for operation 
is only about three hours, as compared to the five 
hours in the "normal" method.  The method of control 
here Is exectly as in the above scheme, i.e., the 
operator needs to handle only the microphone and the 
small remote hand-held control unit. 

The filter, recorder, and power supply in this 
arrangement each require a space approximately 19" x 
9" x 12" high. The sound level meter, as shown in 
Fig. 4, is approximately C" x x C 1/2" high, 
The total weight is slightly less than that of the 
first method of operation due to the elimination of 
one case, and the addition of a number of cables. 

For extreme compactness, at the expense of 
omitting automatic recording of data, it is possible 
to decrease the total number of pieces to the arrange- 
ment shown in Fig. 5 (remote control method "3"). 
The sound level meter is used as a remote control 
unit.  The filter permits octave band analyses.  3oth 
units are supplied power from the small battery box 
at the right« 

the 
In this arrangement, it is necessary to advance 

filter manually by ntans of the push button on 
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the sound level meter.  The indicator on the left of 
the sound level meter panel will indicate the position 
of the filter switch, once the filter is brought into 
synchronism by advancing the indicator through one 
complete cycle.  Then, the sound level of a particular 
octave band, or of the complete spectrum can be 
obtained by adding together the readings of the atten- 
uator, the output meter, and a correction factor. 

The minimum space required here is 19" x 9" x 
11" high for the filter unit (approximately 62 
pounds); a space approximately 7" x 8" x 11" high 
for the small battery box which weighs 25 pounds with 
one "A" battery and two "B" batteries; and 8" x 12" 
x 6 1/2" high for the sound level meter which weighs 
approximately 21 pounds.  The total weight including 
cables and microphone for this method is approximately 
115 pounds. 
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III.  3and-Pass Filter 

The band-pass filter used in this equipment 
is an E.R.P.I. R/.-243 filter, nodified by the addi- 
tion of a specially designed 20 position rotary 
r.ultiple-bank switch, a solenoid mechanism for advanc- 
ing the switch, and an automatic attenuator (See 
Fig. 6).  The filter and 3Witcli provide a sequence 
of ten band positions as follows: 

Overall 
Belt DW 75 c ,p, B. 

75 - 150 c • p • s. 
150 - 300 c .p. s. 
500 - 600 c .]•'. s ■ 
600 - 1200 c .*->. s. 

1200 - 2400 c •p, s. 
2400 - 4800 c >p .s. 
4800 ana above and a 
second overall position 

For one complete revolution of the switch, the 
above sequence occurs twice. 

In recording a sequence of filter positions on 
the graphic level recorder (described in a lcter 
section), it is frequently found that the range of 
levels in the different bands is more than the 50 db 
range of the graphic level recorder.  This is due to 
the very high levels encountered in the "overall" 
position and the low frequency octave bands, with 
respect to the high frequency octave bands.  3y in- 
serting a resistive network designed to introduce 
varying steps of attenuation of the signal between 
the output of the filter and the input of the ampli- 
fier, it is possible to obtain a range of signals 
impressed on the recorder which the recorder can ac- 
commodate.  This is especially useful in the last 
two methods of operation discussed in the previous 
section. 

The mechanism for advancing the switch in steps 
to provide automatic octave band analyses, is a 
solenoid stepper which is controlled by a relay 
which receives impulses from a microswitch located 
in the graphic level recorder.  The microswitch closes 
the relay circuit approximately every six seconds 
only v/hen the recorder motor is on.  The relay can 
also be operated by push buttons located on the sound 
level meter, and the band-pass filter. 
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The 8ehe matio diagram of the octave band-pass 
filter set and the automatic attenuator xs shown 
in Pi£;. 7.  The wiring diagram, also showing in 
part the control circuits located in the filter, 
is riven in Fig. G.  The complete control circuit 
is shown in the schematic control circuit diagram 
Fig. 9. 

Automatic Attenuator: 

The construction of the attenuator for provid- 
ing the various insertion losses is shown in Fig. 10 
The desired attenuation in decibels in each band 
to impress a minimum range of signals on the recorder 
is as follows: 

3and position Attenuation 

Overall _ 50 db 
3elow 75 - 20 db 

75 -  150 - 20 db 
150 -  oOO - 15 db 
500 -  600 - 10 db 
600 -, 1200 - 5 db 
1200 - 2400 - 0 db 
2400 - 4800 - 0 db 
Above  4800 - 0 db 

The various resistors were wound with silk 
covered manganin wire by a non-inductive (bi-filar) 
method.  To noistur.-j-proof each section« several 
coats of clear glyptal were applied. 

Multiple-3ank Rotary Switch: 

The design of a switch for providing the switch- 
ing sequences required, demanded a compromise between 
unfailing contacts, (under extreme vibration en- 
countered in planes) therefore, low contact resis- 
tances, and low contact pressures in order to reduce 
to a minimum the torque necessary to rotate the 
sv/itch.  None of the commercially designed switches 
available './as satisfactory from the torque standpoint. 
Hence, a switch of suitable design was constructed in 
the Cruft Shop es shown in Fig. 11.  All contacts in 
the sv/itch are solid silver.  The stationary contacts 
are soft silver, and the rotor paddles are cold rolled 
to provide satisfactory springiness.  Each arm of 
the rotor lias two contact paddles, one on each side 
of the stationary contact.  Eence, the contact forces 
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act in opposite directions and insure that the switch 
does not open, regardless of which direction vibra- 
tional forces act. 

The switch shaft is of linen base bakelite 
coupled to a steel driving shaft with a universal 
joint.  The driving end of the switch is a revised 
Guardian Electric Stepper Type G-32185.  The adjust- 
ment of the stop for the ratched wheel is very 
critical, and one type of adjustable, frictionles3, 
non-overthrow stop is shown in Fig. 12.  The shock 
of ■topping is taken by the lower set-screw and the 
ratchet arm, while the upper set-screw is adjusted 
for a slight amount of clearance in the normal re- 
leased position to effectively prevent overthrow 
due to the inertia of the shaft, rotors, etc.  The 
tension of the return spring is determined by the 
minimum voltage at which the stepper is to fail and 
the minimum energy to be stored in it on the closing 
of th'e solenoid. 

It will be noted that 3witch sections 1 and 7 
(Pig. 8) have double the number of contacts of the 
other sections.  These extra contacts are provided to 
ground the input and output circuits between switch 
positions.  Section 8 of the switch is for the auto- 
matic attenuator.  Section 6 (Fig. 6) provides a 
normally open S.P.S.T. switch for the interlock cir- 
cuit to keep the auxiliary filter position indicator 
in the sound level meter in step with the position 
dial on the filter set panel, and also a normally 
closed S.P.S.T. switch to stop the automatic filter 
advance mechanism at the end of a sequence of bands. 
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IV  Sound  Level Meter 

" 

The sound level Bieter consists of a f Lve- 
stage amplifier stabilized with degenerative 
feedback« and is designed to operate out of the 
revised IlA-243 band pass filter, or the Vf.E, 
type 653-A (or C30-A) microphone.* The amplifier 
i3 calibrated to read average sound press\:res 
in decibels (v/ith a reference pressure of 0.000204 
dynes/cm.2) when the proper corrections have 
been made as described in a later section.  The 
output circuit is also provided with a Cannon 
plug to operate into the graphic level recorder. 

A total gain of ap»proximately 110 do is 
obtained with the circuit arrangements as shown 
in Pig. 13«  The input and output stages are 
coupled with U.T.C. transformers LS-14X and 
A-2G respectively, giving 30 ohms input impedance« 
and 500 ohms output impedance.  It will be observed 
that all the tubes employed are of the 0.3 
volt filament typo.  These were chosen because 
all lower voltage types were too microphonic. 
Extreme stability is obtained by use of negative 
feedback circuits which talres care of, in ad- 
dition to the variations in tube characteristics, 
a wider range of battery voltages than will be 
obtained in service.  Control for various gains 
is by a Daven CP - 350Y attenuator with 5 db 
steps, and a total attenuation of 70* db. 

To provide a signal for calibration of the 
graphic level recorder, an oscillator (R-C cir- 
cuit) is built into the last two stages of the 
amplifier, and is controlled by an on-off 
toggle switch on the panel.  Power (at 00 v., 
■57-1/2 v., 22-1/2 v., and 6 v.) is obtained 
through the 15-terminal Jones plug which is 
supplied either from the power supply adjacent 
to the graphic level recorder, or the power 
supply adjacent to the sound level meter. 

^Information from the manufacturer indicates that 
the W.E. C30-A microphone is no longer being man- 
ufactured or is procurable.  This explains the 
reason why the 635-A was selected for use with the 
sound level meter. 
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The output meter is a standard Weston 
model 301 type 20.  This meter also serves to 
read the voltages of the "A" and "B" supply 
for the amplifier, as well as the "A" supply for 
the recorder.  The meter deflection is so determined 
that batteries must be replaced when the meter reads 
below "0" db in the various positions.  In order to 
permit a check between the recorder and the output 
meter, the circuit has been designed to permit the 
meter to be left on when the recorder is operating. 

A monitoring jack is also provided in the output 
circuit to permit either phones or cathode ray oscillo- 
scope to be used. 

Since in one of the methods of operation the 
amplifier is also used as a remote control unit, the 
amplifier case must bo extremely rugged and well 
shielded to pemit mounting in a pilot's cockpit. 
In Pigs. 14, IS, and IG the assembly of the chassis 
into the housing and then into the case can be seen. 

To permit the observation of the filter position 
when the sound level met er is used as a remote con- 
trol unit, it was necessary to design an auxiliary 
dial indicator (Fig. 17) which would automatically 
remain in step with the filter set dial. For an ad- 
vance mechanism, a '.Vesteri? Llectric message register 
(Type 5-L) was revised mechanically and electrically. 

The indexing of the cam was reversed so that the 
shaft was indexed on the release stroke of the clapper 
The 5-L type Western Llectric register v;as designed 
originally to index on the closing of the magnetic 
circuit. 

3ecause of the limited force which the magnetic 
circuit will exert, the bearings for the shaft must 
provide an easy running fit for the shaft, on which 
are mounted three cams and a dial plate.  These parts 
possess considerable inertia, and overtravel prevents 
exact indexing.  To overcome this, a double acting 
pawl is employed which strikes on a cam, the same as 
the driving cam, except having teeth pointing in the 
opposite direction of the driving cam.  This"permits 
accurate location of each advance of the shaft without 
the use of friction. 
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A circular metal can with an insulated segnent 
is also mounted on the dial shaft which provides a 
normally closed &•?•£.T. switch to complete the inter- 
lock scheme with the normally open S.P.S.T. switch in 
section 6 of the rotary switch bank in the filter set, 
All of these details may be seen in Figs. 15 and 10. 
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Modified RA-246 Graphic Level Recorder 

The major deficiencies of the standard E.H.P.I. 
RA-246 Graphic Level Recorder for the purposes it 
was to sojrve in this equipment, were its lack of D.C. 
operation and lack of rewinding facilities for the 
wax-paper tape.  To l«;ep the recorder available for 
possible A.C. operation, the chances from A.C. to 6 
volt D.C. operation were accomplished by installing 
a simple switching unit, a llallory Vibrapack, and re- 
placing the A.C. motor with a D.C. motor (a Delco 
Service Part 5047473) in the same mounting frame. 
The schematic diagram in Fie« 20 shows the circuit 
additions and changes made in the recorder. 

The 8 prong Jones plug at the rear of the chassis 
(Fig.21) connects to the large batter? box adjacent 
to it in normal operation (or connected with a cable), 
and provides power to operate the llallory VP-I354 
Vibrapack, the filaments and B supply for the ampli- 
fier, as well as power for the automatic filter ad- 
vance in control method :,Al. 

In order to accommodate the rev;ind mechanism, 
a number of the recorder elements had to be shifted 
as shown in Figs. 21 and :22.  She drive for the re- 
wind spool was obtained by mounting a split pulley 
on the upper shaft which drives the metal marking 
roll (Fig. 22).  A 1" diameter V-grooved pulley on 
this shaft transmits sufficient torque through a 
spring belt to a 3/4" dia V-pulley on the spool to 
wind very nearly a full roll of tape with reasonable 
tightness.  Removal and insertion is fool-proof and 
simple as is evidenced in Figs. 22, 23, and 24.  An 
apron (Fig. 22) was added to permit clearance for the 
index relay as well as to provide a surface for making 
notations on the tape.  To permit access to the tape 
without removing the recorder from the case, a small 
double-hinged door was built into the case as shown 
in Fig. 5. 

The idler shaft in the gear-change box of the 
recorder was found to have a period of approximately 
six seconds under load conditions, which proved to 
be an ideal source for a positive Impulse to advance 
the filter from band to band«  This period allowed 
sufficient time for the recorder to obtain a reading. 
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A normally open S.P.S.T, microsv/itch was mounted to 
operate from a cam on the idler shaft«  The micro- 
sv/itch controls Lhe automatic filter-advance circuit 
by closing the relay which in turn controls current 
through the stepper solenoid.  For a complete schematic 
diagram of the control circuit see Pig. 9. 

To convert the recorder from A.C. to D.C. opera- 
tion, the two changes required are removal of the 
A.C. riotor by the four screws which held it against 
the panel and to replace it with the D.C. motor; and 
to shift the switch located in the bottom of the re- 
corder sub-panel (Pig. 25) by removal of the nuts 
retaining the terminal strip so that the letters "D.C." 
are visible. 

Several other minor revisions were made as follows: 

A ten-terminal Jones socket was mounted on the 
panel for the control and power circuits to the filter 
set, and sound level meter (Pig. 26) 

When the hand-hold remote control is used to 
turn the recorder motor on and off, considerable loss 
occurs in the cable, and consequently, it was found 
advisable to operate the recorder motor through a 
relay (Guardian Electric Serial 165-12VB Dual~A 36) 
properly compensated to operate in any position and 
against any gravitational forces encountered in flight. 
This relay is mounted below the panel near the roll of 
waxed-paper tape. 

Per connecting the power supply and the recorder 
into one unit locating bushing:, were mounted as shown 
in Pig. 26 on the back side of the recorder. 
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VI.  Hand-Held Remote Control Unit 

To control the entire systen from a remote 
position the operator need only operate the compact 
switching unit shown in Fig. 27.  This instrument 
houses a switch to start and stop the recorder 
motor, an indexing switch for recording code on the 
edge of the recording tape, and a switch to begin 
an automatic cycle of band positions.  The indexing 
switch, when fully depressed, begins the cycle of 
operation from an overall band through all the octave 
bands, and stops on the overall position.  A small 
pilot light indicates to the operator the beginning 
of each cycle, and each filter advance.  Jhen the 
cycle is completed the light goes out.  For each 
filter advance the light extinguishes, momentarily. 

By virtue of the indexing switch always closing 
ahead of the starting 8witch there is always a 
record on the tape where the beginning of each cycle 
is.  This, of course, can also be determined by the 
pattern of the levels of the octave bands on the wax 
tape.  It is possible to record code, by means of 
t:.ie indexing switch, on the recording tape without 
interfering with a sequence of switching. 

A schematic diagra:;: of the switching within this 
unit is shown in Fig. 28, and the complete control 
circuit in Fig. 9. 
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VII.  Power Supply Units 

The maximum time of operation In any flight 
determines the total ar.ipere hours required for the 
storage battery capacity.  The system with all the 
extension cables in use as in control method "A'1 

(Figs. 2 and 4) will operate continuously for three 
hours.  Without the cable from the power supply to 
the recorder the time can be increased to four hours. 
;,!Iormal'' operation will permit five hours of contin- 
uous analysis and recording. 

The space and load requirements excluded most 
types of batteries except one which was designed for 
motorcycles, such as the V/illard I.IF".7-5-3, a six volt, 
3 cell, storage battery.  Three of these batteries 
are used for the whole system in three schemes of 
supply as shown in the methods of operation, Pig. 2. 

The main battery box which houses the throe 
i/illard storage batteries, and the two 3v.rgess Z-30-N 
for the ''B'1 supply is Shown in Figs. 29 and 32.  Ter- 
minals for the batteries are provided with bakelite 
cap screws.  To secure the three batteries in the 
case against vibration, cleats arc mounted lengthwise 
on the sides near the bottom, and an adjustable panel 
compresses the batteries end-to-e-nd which permits 
accommodation of variations in batteries.  The whole 
case is lined with tinned sheet iron for shielding 
and protection against spillage of acid. 

The ventilating holes in the side of the case 
and the panel of the battery box provide circulation 
for the recorder motor. 

If the power supply is divided between this 
source and the one adjacent to the sound level meter, 
(See Fig. 15) then one of the 5 volt storage batteries 
is replaced by a dummy spacer, and the leads to the 
"B" supply are terminated in a terminal block to pre- 
vent short-circuiting•(Fig. 32). 

An auxiliary  battery box for remote control 
method "3'1 is also provided, and is shown in Fig. 30. 
This box is sufficiently large enough to hold one 6 
volt storage battery and the two Burgess ICON'S.  The 
cable for this supply is interchangeable with the 
cable from the supply adjacent to the sound level 
meter to the filter. 
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VIII.  Cases 

In order to obtain speed in installation of 
this equipment in planes, as test flights are usually- 
available on extremely s);ort notice, it was paramount 
that the number of pieces to be installed be an ab- 
solute minimum, yet be small enough and flexible 
enough to be mounted in almost any available space. 
This resulted in a design of carrying cases which 
combined an extremely efficient compromise between 
portability and number of pieces, as well as pro- 
viding space for all the cablea» microphone, and re- 
mote control unit without increasing the number of 
cases to be carried.  The carrying cases are shown 
complete in Pic« 31. 

The four units, recorder, filter, sound-level 
meter, and power supply can be used separately, or 
can be clamped together to form two units which can 
be strapped into the plane by means of shock cords 
fastened to screw eyes which can be screwed into 
tapped bushings which are located on every side of 
each case. 

Where two units are to be mounted together ex- 
tremely accurate alignment is required in view of 
the Jones plug connections which must be made.  Pour 
locating studs and bushings, which are mounted with 
very close tolerances, are provided on the sides 
which are face to face, thus relieving the Jones plug 
connections of any stresses (See Pigs, ö and 32 for 
details).  The bushings located in the center of the 
sides are also tapped to receive screv/-eyes in case 
individual mounting is required.  Clamping the two 
units together is accomplished with Eagle Auto-trunk 
locks which also serve to secure the lids when the 
instruments are to be carried (See Figs. 31 and 32. 

The filter case, Fig. 33, is shielded with thin 
copper sheet, and it was found necessary to prevent 
electrical contact between the two cases (filter and 
amplifier) by insulating all the bushings and hasps 
which were in common between the two cases.  This 
prevented the existence of ground loops and consequent 
hum pick-up by removing the multiple sources of 
ground in the two units. 

' 
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The covers for the cases were designed to ac- 
commodate all the cables, microphone, and remote 
control, as well as servinc to protect the locating 
bushings fron being mutilated in transportation. 
Special brackets and clamps were installed to secure 
the cabling as shown in Pics. 33 and 34. 
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xX.     Cr-llbrrtion of Lguipnent 

To  ootain reading!  on this   equipment which in- 
dicate reliably  tlie    sound levels  of  the  noise under 
investigation,   trie   v/liole system r.iust be  carefully 
calibrated.     T?I1E   requires  acoustic  and electric 
calibration tecnniqu.ee. 

For  the V/estern  Electric  type  633-A Microphone, 
a free   field,   open   circuit,   random incidence  calibra- 
tion is   riven  in  Fi^.   35. 

• 

The  electrical    calibration of  the   filter  set  and 
the  sound level  meter- is  obtained by  inserting a 
known  signal  from   o.   standard  type beat  frequency os- 
cillator  in series   with the microphone while  the 
filter  and sound   level meter are  properly  connected. 
The   output  of  the    oscillator  is  measured with an ac- 
curately calibrated,   high impedance voltmeter.     The 
schematic circuit   siiowing all  the  elements used for 
calibration is   in   Fir.   36.     The battery voltages  for 
the  sound  level meter  should all be  checked before 
calibration  is  attempted.     For the  different  bands, 
the  automatic  attenuator  is  thrown in caid out   to 
obtain  its  insertion   loss.     The position of the  at- 
tenuator   in  the   sound  level  meter  should be  adjusted 
to give   a reading   on   the   output  meter between -2  and 
+3 db  when calibrating.     This   is  advisable because 
of  the  slight difference  one  obtains  from reading  the 
meter  at  the  low   end.   of the  scale as compared to the 
high end. 

The  high  impedance  voltmeter was  calibrated with 
an accuracy  of  ±0.1   db by use   of a V/eston Model  341 
AC-DC  voltmeter  and.   a precision voltage  divider. 

The response of the amplifier alone, and the in- 
sertion loss of the filter for all positions is given 
in Fig. 37. The insertion loss for the automatic at- 
tenuater  is  also   tabulated in this  figure. 

In order for   tiie whole  system to be  calibrated 
acoustically  it   is   necessary to  compute  a  correction 
factor  for each point  on the  overall response  curve, 
as well as  the   individual  octave bandsa     These  are 
computed a3  follows : 
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Response Curves for Automatic Ootave Sound Analyzer Type AK-LB No. 2 when using  :::;| 
W.E. Type 633-A Microphone and E.R.P.I. RA-243 Band-Pass Filter, for .01 V. 
R.M.S. Input as in Circuit Fig. 35 
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Prom the calibration curve (Pic- 35) of the mic- 
rophone we find that the Microphone has a sensitivity 
at 10G0 c.p.s. of -G7.6 db relative to 1 volt per 
dyne/oar«  In other words, the microphone will develop 
an open circuit voltage of 37.6 db below 1 volt for a 
sound pressure of 1 dyne/cm2.  Usinjr a reference level 
0.000204 dyne/cm*■ as 0 db, this represents a sound 
pressure of +73.G db.  The signal introduced into the 
input was held constant at .01 volt which is 40 db 
below 1 volt.  In order for the microphone output to 
be .01 volt a certain sound pressure is required. 
This at 1000 cycles per second is equal to 73.0 + 
(G7.S-40) = 121.4 db. 

However, at 1000 cycles the sound 
reads only 118.7 db with the filter in 
position (calibration in Fie« 37), and 
reads 121.4-113.7 ■ 2.7 db too low.  To 
sound pressures accurately, 2.7 db must 
the "overall" reading at 1000 cycles, 
are obtained similarly which gives the 
curves in Fir;. 38.  It must be kept in 
corrections are for pure tones only as 
the curves. 

level meter 
the "overall" 
therefore, it 
read r.m.s. 
be added to 
Other points 
correction 
mind that these 
indicated on 

When the noise beinr measured is more or less 
continuous such as is encountered in aircraft spectra, 
then "average" corrections must be applied.  This 
"average" correction factor can be explained as follows: 

The indicators used for the sound level meter anc. 
the graphic level recorder possess rectification 
characteristics which are not only dissimilar, but also 
have characteristics dependent on bho complexity of 
the impressed wave form.  Thus, if one chooses fac- 
tors for the individual bands, as well as the overall 
position, to make the two systems agree for, say a 
square wave signal, then this factor will not hold 
for a signal such as thermal noise.  It is, therefore, 
necessary to make a comparison of results obtained 
by the two indicators for a range of typical -airplane 
spectra, and choose a factor to make them agree.  It 
has been found in general that if the recorder is 
adjusted to read the same as the sound level meter 
for a single fre.iuency, the recorder will read 1 to 
2 db lower when the two indicators are subjected to 
a typical airplane spectra. 
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Most military organizations in the United States 
use the L.K.P.I. RA-2770 Sound Frequency Analyzer in 
conjunction with the 030-A, i*e"  gil fe&H' type  of 
microphone instead of the 63o-A type.  Correction 
factors - to meter readings obtained on the apparatus 
described in this report - for giving results equal 
to corrected meter readings obtained with the 630-A 
microphone are tabulated below. 

Filter Setting 
(Attenuator Out) 

Correction in 
db to be added 

Overall 
oelow 75 
75 - 150 

150 - 300 
300 - 600 
600 - 1200 

1200 - 2400 
2400 - 4 GOO 
Above 4800 

A fuller discussion of the correction factors 
for several types of . systems was contained in a 
previous report "Sound Levels in U. S. Military Air- 
planes" I.'ay*20, 1942, by II. W. Eudmose, H. L. V/allace, Jr, 
K. L. Lricson, and L. L. Beranek, Director. For ease 
of reference this discussion is reprinted with slight 
deletions in the Appendix. 
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APPENDIX * 

1.  Apparatus 

The data presented in this report?were taken 
with several different sets of apparatus, all of 
which, however, were composed of basic units pur- 
chased fron one manufacturer,  Similar apparatus 
is possessed by the Army Air Forces Materiel Div- 
ision, Wright Field, the Naval Aircraft Factory, 
the Aberdeen Proving Ground ana several of the 
leading aircraft companies.  Each of these sets 
of apparatus should be equally reliable if carefully 
calibrated against_the same standard and If the 
caXib ra t i on" is" "care fully ~L7fc frequent ly_ 5 lie eked in 
the field."""' "  

The question of careful and  frequent calibration 
tion is so important that some space «ill be devoted 
to this subject in the next section. 

3riefly described, the apparatus consists of 
a dynamic type microphone, an octave band pass 
filter set, and an automatic graphic level recorder. 
The sound frequency analyser when used with the 
dynamic microphone enables one to read on its output 
meter the root-mean-squarc. sound pressure at the 
microphones in decibels with respect to a reference 
level of Ot000204 dynes per cm2.  This is the sound 
pressure which would be measured in a plane travel- 
ing wave alon^ which 10"lv-' watt per en* is oeing 
transferred.  In all of the measurements the ampli- 
fier characteristic was maintained ''flat'1 since 
the characteristic oi the ear t-t the high sound levels 
encountered in airplanes J.S very nearly that Tray. 

For convenience in referring to the apparatus 
the following tabulation ifi made 

System No« 1 -- Cruft Laboratory 

L.R.P.I. * Type D77-G Sound Frequency 
 Analyzer t Serial No. 241             _ 

^Electrical Research Products Co. Inc.,üOO Central 
Avenue, Kearny, New Jersey 

Lxcerpt from National ilusearch Council Committee 
on Sound Control report entitled "Sound Level Measure- 
ments o.n U. S. Military Airplanes" dated May 20, 1C42. 
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.7. E. Type 630-A Microphone Serial No.A.*-L3 

E.R.P.I. Type RA-246 Graphic Level Recorder 

E.R.P.I. Type RA-243 Octave Filter Set 
Serial Ho. 3 

System No. 2 Cruft Laboratory 

E.R.P.I. Type Ra-273 Industrial Noise 
Analyzer, Serial. No. 256 

W, E. Type GÜO-A Microphone Serial No. 2GJ6 

System No. 3 -- Cruft Laboratory 

Cruft Automatic Octave Sound Analyzer Type 
AR-13 Serial Mo. 1 

./• L. Type G30-A IHcrophone Serial No. 3S47 

E.R.P.I. Type RA-24G Revised Graphic Level 
Recorder 

System No. 4 — Naval Aircraft Factory 

E.R.P.I. Type 277 G Sound Frequency 
Analyzer Serial Ho. 238 

.;.   E.   Type  G30-A Ilicrophone  Serial  No.   3127 

E.R.P.I. Type RA-246 Graphic Level Recorder 

E.R.P.I. Type RA-243 Octave Filter Set 
Serial No. 19 

II.  Calibration of the Apparatus 

The microphone is calibrated in a plane wave 
sound field by comparison with a secondary standard. 
For our purposes a :.7. E. G40-A condenser microphone- 
was sent to the National Bureau of Standards for 
comparison against their primary standard.  This 
same microphone was also calibrated by a reciprocity 
method in our own laboratories.  These two calibra- 
tions are in c^od agreement. 
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The open circuit, free field calibration of a 
microphone at a given frequency is defined as the 
ratio of the open circuit voltage generated by the 
microphone to the sound pressure at the nicrophone 
position prior to its insertion into the progressive 
piano wave sound field. 

Since the readings of the . sound analyzers are 
given in terras of the Acoustical Society of America's 
reference level of 0.000204 dyne per cm^, one dyne 
per cm2 corresponds to a sound pressure level of 
73.3 decibels.  Usually the open circuit voltage 
generated is expressed in decibels below one volt. 
If, for example, according to the calibration curve, 
at 1000 c.p.s. the sensitivity is -GO db; this 
means that the microphone will produce an open 
circuit voltage 50 db below one volt for an impressed 
sound pressure level of 73.8 db.  For a sound pressure 
level of 100 db the microphone will produce an open 
circuit voltage of -23.C db (re one volt) or .065 
volts. 

To check the calibration of the sound analyzer, 
the circuit shown here is employed. 

630-A       «P 
Microphone \ J 

-•-T^-Meter 

M/VW—h» 500 ohm 
Variable 
Attenuator 

Oscillator 



3Z 

i 

The oscillator generates a voltage which is 
reduced J30 Co by the fixed pad and an additional 
number of db by the variable attenuator.  If the 
voltage V is set at 1.0 volt and the attenuator 
reading plus 50 db is set equal to the number of 
negative decibels ~iven on the calibration curve 
of the microphone, then the meter on the analyzer 
should read 75.0 decibels.  This assur.ies, of course, 
that the microphone calibration is ~iven in db 
coovo  one volt with respect to a sound pressure of 
one dyne per cm2.  If the meter does not read 7Ü.8 db 
at all frequencies then a correction curve should 
be plotted and all data taken with the instrument 
corrected accordingly.  (üee _a^es 66 through 72) 

It is usually found that the calibration of 
the type 630-A microphone is quite stable over a 
jeriod of time.  Hence, in practice, it is suffi- 
cient to perform an electrical calibration on the 
apparatus as described above«  The microphone v/ith 
careful handling should oe calibrated about once a 
year.  If subjected to rough handling, its calibra- 
tion should be cheeked more often. 

If an octave filter set is built into the 
analyzer or is connected between the analyzer and 
the microphone, the same method of calibration 
should be use.  It is necessary, however, to  per- 
form the calibration as a function o£  frequency 
lor each band pass si tti:i^: of the octave filter. 

On the following pajes cr.libratior.s are given 
for throe of the microphones listed above.  Relative 
response curves arc also £ive:i for the sound analyzers 

In flight, data were obtained either from direct 
observation of the output meter or from records of 
the graphic level recorder.  The observed or recorded 
readings were then corrected v/ith certain established 
correction factors, and these corrected data then 
plotted. 

In choosing correction factors to the data as 
obtained from the meter reading or from wax tape 
records several thin;;s must be considered.  First, 
it is not sufficient to use a calibration of the 
microphone for a sound traveling parallel to the 
plane of the diaphragm.  Heise in airplanes usually 
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strikes the microphone at rand or.: angles of incidence. 
Hence, a calibration curve for the microphone in 
randomly incident sound must be obtained.  This 
was done in our case by averaging the calibration 
curves obtained for a large number of ancles of in- 
cidence according to conventional methods.  Secondly, 
the choice of correction factors obtained from pure 
tone calibration of the apparatus depends upon the 
lav; of sumvation of the instrument from which the 
data are obtained.  The indicating device should 
sum voltages according to a square lav; characteristic 
in order that its readings be proportional to energy. 
If the instrument has a square law characteristic, 
then the insertion locses can be chosen from the 
single frequency calibration curves of the equipment. 

The meters used in . systems 1, 2,   and 4 are 
essentially "square law11 meters; whereas, the leter 
in system 3 and the recorders used for all of the 
systems are not. 

A comparison _f the results obtained when a 
wide range of typical airplane spectra are measured 
by the two systems ind..cates that correction factors 
can be chosen which will make the data obtained from 
the two systems agree. These correction factors are 
listed in Table 1, page 72. 

It should be pointed out that the gain of the 
recorder can be adjusted so that its readings will 
agree with those of the meter only if it is calibrated 
against a complex tone or noise.  If the gain of 
the recorder is set so that the data from the meter 
and recorder agree for single frequencies (such as 
a local internal oscillator), then the recorder will 
read from one to two decibels lower than the meter 
when an airplane noise is applied to the microphone. 

It is also true that if the correction factors 
for the square lav/ and non-square lav; instruments 
are chosen to make the s/stems agree for single 
frequency inputs, then the non-square law system 
will indicate one to two decibels too low when air- 
plane noise is being measured.  This difference of 
one or two decibels applies only when the non- 
square law instrument is measuring airplane spectra. 
For other types of noise, entirely different re- 
sults, depending v.pon the character of t'..e sjectrum, 
may be expected. 
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L.R.P.I.'s usual practice seems to be to cal- 
ibrate their equipment approximately two decibels 
too sensitive.  This lias also been observed by 
P. Hub er and J. Whitxaore in the Journal of the 
Acoustical Society of A.lerica, Vol. 12, paße 138, 
Pig, 2, July, 1940.  We have checked three differ- 
ent systems here and .have found in each case that 
they indicate one to three decibels too ni£h for 
•->\\re  tone inputs. 

Two reasons can be advanced for the L.R.P.I« 
calibration beinj too sensitive.  In the first 
place, they have used the thermophone method of 
calibration as a means of determining the absolute 
reference level of the^r standards« This method 
has been shown to yield results 1.5 db different 
from those ,ielded by  the reciprocity method of 
calibration.  3oth the Bureau of Standards and the 
Cruft Laboratory have adopted the reciprocity 
method cf calibration as standard.  For further 
information on this .iv&ject, refer to National 
Bureau of Standards research paper RP 1341 entitled 
Absolute Pressure Calibrations of Microphones by 
Richard K. Cook.  This was also printed in the 
Journal of Research of the National ßureau of 
Standards, Volume 25, Ilovember, 1940. 



.• 

L..!L 
M 

llllllllll ... :::: 
tt 0» M     OB    ■   I 

I« »H+H 

m Id * ■ 1    «J   at  p r                * > 

...j... 
■ *. «         -XX* 

nTF -ftiTTRtTf m # #~ 
~Ktf i:H:>- ;...{. ....L..I...I.. 111 ~H" 11111 ::::::: ^:p±:j 

|rtj 
• • I- • :"'pH" i - 1 ■ • •-[••••J--- ...1 j..... ...... j p.rri........—pj 

1 j !     iri t f l 1     ; i      '    i ■   ■     l t J 1 ' f   , I.,i, H+H4f Mil 1 1 1 i-i. j— . i .... 1 
...j... 

tdi _ j_[|j|||]| rr- ttfj::: p\±\h 4- l-i-i . -1 I... LJJ +LIU4+ ;:: ::: •••  L.tj II -[ 111 mm .,..] .:. Lri.Ll.Li-(4-! r|.vii.|....|... !'   ill ll Htm .....:. Lt.rj 
;[ ■ J • • ■ ■ I:M' 

'V 

Lj,..!...... . . . '          i | t 4... *•: i               i 
'.'.'.i'.'.'.'.'.'.'. 1""LJ t ,.. ...i.,iij_r_i I               j 

1   1 
1           1 i  ,   ! .i,, ii I..(... L_z_i^4 i iii 

Uli 
fcriiM [L ::::: :::::::ä.: ..:.: .::::: 3:::: 

i .......... j.. O_.J 

3-85FE+ :" !' ■■■•' Himi ■'   ■ '■" 

....j. »P... ll 11 111 
*»f»^*H 

f  *"' |..-j.'..|...j 

«o        PUJ- 
2   Et± 

;~; ;;~ :::: ...L.L   . , .. ;;;• ;;; M;- .r::: -■■ H;;;\;R 
Q-90UU-U 
z \r. &! E 

;;: (r. |"i| | 11 ::::::::::::: ...J.. ........... ni.j 
~~           1 ...j... ....!.. J .... 
x     I—!—1—P- 
g -95    • 
fc     rn~r ■± . j.. l.i ... plk 

■•••)•• 
~T- 

2£ 
£     pid± 
•si-100   ■ 

.-,.. 
+... :;:: 

Lll* £ z b lit i i :::}:::: 
—u—\ 

:::::::::: pa 

IS ■*' ...i 4-M-rr- :j::::j::::j:::: .... ...^i....i_.. ::; ::: iJinipto 
1 i \-L. 

TTT 
«+4 

d. Lilj j   I....I.... ::: ::: ....... 
...j... +Ep£§ 

m 
j1? **ti T**I it i :::::: 

Ttffl "Iff -ru- 4\m ;|::::|::::|::: ;;:£:::::: + ...l... 
•:;t •;: "r*''l ;•;•-••-4"4H 

i ■ 

:::!::::::: ::S i 
EE FIELD,   OPEN CIRCUIT CALIBRATION OP W.E.   MICROPHONE Type 630-A,  No.   406.     | 
rection of propagation of sound parallel to plane of microphone diaphragm. 

Reference level is 1 volt/dyne/cm2.                                              j 

i            PB 
1   .     .           T\A 

 3:21?rffiJ 
.i. ,.„. XJ UJJJ |§1 4 4 i ititii+t+ 1 jlljjh';*:: ::::;:' :::;::: t:±d Sfflff ::L::i —L- 

ca 

W 
QD 



■a r      r    r r P r r r f 
■J 01         0 NJ • « i M u » u> a> ■x      30     » 

■■■■■■ IIIIIIIIII iiiiiiiMi ii ■■■ ■■■■■ IIIII iiiiiinii 
iiiiiiiiiiiiiiiiiniiii 
iiiiiiiiiiiiiiiiiiiini 
iiiiiiiiiiiiiiiiiniil 
iiiiiiiiiiiiiimiiilii 
min iiiiiiiiiin 

1m ::« I'M Ld'rird I'M iiiiiiiiiiiiiiiiiiiiiniiii III i Ml   1   1  1 1 1 
■ ■■■■■mi in mi t 'Illlll Uli ..« 
■ ■■■iiiiiiiiiiiiiiii II +;4+jt u« 
!■■■■■ ■■■■■■■■Illlll II 

*UT'**1 Ll L. ... 
1       Mill I 

-111111 11 IT; H T—   llll H;TTT 1 1|| J i i J 

■ 1! i i IIIIIIIIII 1   1 L   '         " i " h ..... 
... r?1 L " Liu x J 1    II 1 1   III'1 J     !    |    :    '   J I 

I               '    i   1 ill    ll 1 
, 

jl | III IIIIIIIIII III 11 tiljtn ■ ' 

| ' 1 I 1 ^I'lllllllllllt -p 1* 11111 ; ' ■ ' 1 ■"' 

*z:. E 
"^t*> " ■nELüj L 'lllllllllllllllll'lll 1 II    1    1    1   1   1   1 iiit    II «jt i    ■ f 
"'~mT ii»- 

llll 
••«IIHIIII ■ ■■■ 1 IIIIIM  
Uli 'IIIII 

«■■■■kl 
■'..HIHIHI.'inn'' \ "1111111 

*2 HO| 1111 i■■■■■IIIIIIIIIIinn .inii'«IIIIIIIIIIIIIIIIi i< .■in 11 * miih iiMiiiii i • i IIIII r nun II...:: 
|    I              |   .   .   LXJ 

w        1 1 1 1 1 ■ ■■■ie mi Ill Mill' ll III!IIIIIIIIII   i. '';               r ■       llll'. «Ill |!  I/VI Put :r 0            1   1   I   1   1 i      1     lIllMli II llll 
«-»           1   i 1       1    Illllull I J       !        IF 

\ ft         I'M 1    ' illlallli I'M Hf '• 
"t j    /ij 

O          1 1 l                 1    11 lll/llll 1      J    j MI   1 

::!:: rf IE \ 
^. ^ 1 1 u/n i j      IIIIRI It! f nij 11 ft  j        B 

Ef:.::: t 
Z         II lllllllrillillli 1 III llmlllflllllll in nil Bn'if "** zzjhr 2   ?ot"   : iniiiiiiii o    "1  | j | i 1     \  1 M     1 ll— 1Z 

:::: :z :ffl 

i| i | f 111 j-j*"J ir i"" 
t.i <      1 1  lllli 1 "X "1111" T ■ Ti Titl I 

■u... 
v V ~      1 1   111 lal 1 I 1 ' ' Milt It ..... 

CQ          II 1  ■                       1         II I   IF _^{__l itAr ^_t_ 
1                          1         1       j      ' 1 1 11 11 lall 1 I   i / 11 ■ .rrl"./h\t*. :::::: ::l i\

: ''■'-'] i::| <    Mill I                         1        I       1     1 I   j \i\Wi 1 I                     ;      t         I        ! i- I   I 1 Li   PI 1                          III • I   I ^ MH II i 111              III        1 I   i 

s    I M I'T 1 / \1/* ■•• |\ r}—- j\" i   i\ |. 
!L; 4± EE:*S ^    iii 1 - \m ::±i K         1 1  | | | äi"^*" ••** KV^ 

'1. rl .V J..I flUr. .laUD 

:CRS 

L"|..] I 

tF 
iL:::fflfc:A::i::: 

.::: | 3 ::ijTl ISfij 11" ■X    X Nflfl \...f • .'III' II 
IIIIIIIIII 

\.L:J. cpr i u '■■4-ff "   1 TTn ■"vr 

..».!.. .1. 

i ■ ' ■ j 1 'll' i      * \ 
1 

■i| | 11, | ~i T t*''"v    1    * !1J i r: :l :: "" -5:fc WH lull! I      * *        r 1 
nil I iniimiiiiiiiiiii V '■ }     * j j      j •••••• • •— ..:.p T3 

RELATIVE CALIBRATION CURVE - Absolute value of ordinates  to be added to meter reading. 

E.R.P.I.  Analyzer Type RA-277-G,  No.  241 used with E.R.P.I.  Filter Set Type RA-243, 
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Direction of propagation of sound parallel to plane of microphone diaphragm. 
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RELATIVE CALIBRATION CURVE - Values of ordinates to be subtracted from meter reading, 

Cruft Automatic Octave Sound Analyzer Type AR-LB, No. 1 used with W. E. Type 630-A 
Microphone, No. 3547 and E.R.P.I. Type RA 246 Revised Graphic Level Recorder. 

System No. 3. 

Free field, open circuit, random incidence calibration of microphone. 
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RELATIVE CALIBRATION CURVE - Absolute value of ordlnates to be added to meter reading« 

E.R.P.I. Analyzer Type RA 2770, No* 238 used with E.R.P.I. Filter Set Type RA 243, 
No* 19, and W.E. Microphone Type 630-A, No 3127. System No« 4 

Direction of propagation of sound parallel to plane of microphone diaphragm« 
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Table I 

Correction Factors 
To 3e Added To Meter Readinc 

System i:o. l   System No. 3   System I,To. 4 

Octave 

Random 
Incidence 
Insertion 
Losses 

Random 
Inclder 
Insert. 
Losses 

cc 
on 

Random 
Incidence 
Insertion 
Losses 

Overall 5 -2 4 

Jelow 75 r- 2 0 

75-150 g 2 8 

ICO-300 9 1 7 

300-G00 9 1 G 

600-1200 10 2 7 

1200-2400 10 7 9 

2400-4800 5 3 5 

Above 4800 G 0 5 
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